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FIG. 3
CAPTURE IMAGES OF PIXELS OF DISPLAY

PANEL WITH THE SAME EXPOSURE AT FIRST 561

AND SECOND GRAY SCALE LEVELS o

CALCULATE DIFFERENCE (AI) IN CAMERA

INTENSITY ACCORDING TO POSITION WITH

RESPECT TO REFERENCE PIXEL (CENTRAL = 83

PORTION OF PANEL) (USE CAPTURED IMAGE

CAPTURED AT FIRST GRAY SCALE LEVEL) o

IN GRAY SCALE LEVEL (USE CAPTURED IMAGE

CAPTURED AT FIRST GRAY SCALE LEVEL) o

CONVERT COMPENSATION VOLTAGE TO R

GRAY SCALE LEVEL DATA OF QUTPUT IMAGE 56

TO BE APPLIED TO PIXELS OF DISPLAY PANEL
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METHOD AND DEVICE FOR
COMPENSATING LUMINANCE DEVIATION
AND DISPLAY DEVICE USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims prionity to and the benefit of
Korean Patent Application No. 10-2020-0104741, filed on
Aug. 20, 2020, the disclosure of which 1s 1ncorporated
herein by reference in 1ts entirety.

BACKGROUND
1. Technical Field of the Disclosure

The present disclosure relates to a method and a device for
compensating a luminance deviation which derive compen-
sation data and compensate the luminance deviation on the
basis of a result of capturing an i1mage ol a screen. In
addition, the present disclosure relates to a display device
which compensates for a luminance deviation using the
device for compensating the luminance deviation.

2. Discussion of Related Art

In a method for compensating a luminance deviation of a
display device, pixels of a screen may be turned on, an
image of the screen may be captured by a camera, and the
image obtained by the camera may be analyzed to measure
a luminance deviation of the screen. In this method, com-
pensation data for compensating the luminance deviation
obtained from the captured image may be set. When pixel
data of an 1nput 1mage 1s input, the display device modulates
the pixel data using the preset compensation data and writes
the modulated pixel data to the pixels.

In the method of compensating for the luminance devia-
tion, a specific gray scale level value may be written to each
pixel of a display panel, luminance of the pixels 1s captured
by a camera 1n a state in which the pixels are turned on at
the same gray scale levels, and luminance deviations are
measured on the basis of intensities of 1mages which are
captured and output by the camera. Although specific gray
scale level data 1s input to all pixels included 1n the display
panel, the luminance of the pixels may be different from
cach other according to positions of the pixels in the screen.

In order to measure the luminance deviations between the
pixels, a luminance meter, for example, CA-310, measures
luminance of the pixels at preset sample points on the screen
in the state 1n which the pixels of the display panel are turned
on using the specific gray scale level data. A scaling gain
may be set to correspond to ratios of the measured lumi-
nance to pixels values of the camera 1n order to apply ratio
relationships between the measured luminance and pixel
values of the camera at the sample points to all pixels, and
luminance values of the pixels may be iterpolated using the
gain to calculate pixel luminance deviations of the sample
points with respect to a reference pixel and generate a
luminance conversion look-up table. In this case, since a
scale of the pixel value of the camera 1s diflerent from a scale
of the measured luminance value, an error may occur. In
order to compensate for the luminance deviations, the lumi-
nance deviations are converted to gray scale level compen-
sation values. When the luminance deviations are converted
to the gray scale level compensation values, an error may
occur. The luminance compensation values determined as
described above are added to pixel data of an input image to
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compensate for the luminance deviations between the pixels
when the display device 1s driven.

SUMMARY OF THE

DISCLOSURE

In the method of compensating for a luminance deviation,
since an error occurs when a pixel value of a camera 1s
converted to luminance data, and errors may occur in a
non-linear section when a luminance deviation 1s converted
to a gray scale level compensation value and gray scale level
data 1s converted to a voltage, i1t 1s diflicult to accurately
compensate for the luminance deviation between pixels.

In the method of compensating for a luminance deviation,
a scaling gain may be set by being adjusted for each gray
scale level and each model. Although a representative panel
for each model may be selected to set the scaling gain, since
luminance deviations may differ between display panels
cven 1n the same model, the scaling gain may not be
optimized to all display panels. Since a mura level of the
display panel 1s evaluated while the scaling gain 1s changed
according to a gray scale level, a process time may be
increased and the mura level may difler between workers.
Since tuning 1s repeated for each model, the process time
may be increased since an additional process 1s required
when the gray scale level 1s changed and the mura level of
the display panel 1s changed even 1n the same model, and the
above-descried processes should be repeated from the begin-
ning when compensation data 1s not accurate, a processing
time may be increased, and a yield may be reduced.

In the method of compensating for a luminance deviation,
although a luminance property of the pixel of an entire
region of the display panel 1s assumed as a 2.2 gamma curve,
the luminance property of the pixel may not follow the 2.2
gamma curve. In this case, overcompensation or incomplete
compensation of the luminance deviation may occur.

An object of the present disclosure 1s to solve the above-
mentioned needs and/or problems.

The present disclosure 1s directed to providing a method
and a device for compensating for a luminance deviation
capable of quickly and accurately determining compensa-
tion data for compensating for a luminance deviation
between pixels.

In addition, the present disclosure 1s directed to providing,
a display device configured to compensate for a luminance
deviation between pixels using the method and the device
for compensating for a luminance deviation.

It should be noted that objects of the present disclosure are
not limited to the above-described objects, and other objects
of the present disclosure will be apparent to those skilled 1n
the art from the following descriptions.

According to an aspect of the present disclosure, there 1s
provided a method of compensating for a luminance devia-
tion, the method 1ncluding 1mputting an input 1image having
first gray scale level data to pixels disposed 1n a screen of a
display panel to capture an 1image of the screen, mputting an
input 1mage having second gray scale level data to the pixels
to capture an 1mage of the screen.

The method of compensating for a luminance deviation
includes dertving a difference 1n pixel value of the image
capturing device between a first pixel and a second pixel 1n
the screen and a diflerence 1n gray scale level between first
and second gray scale levels from a captured image at the
first gray scale level and a captured 1mage at the second gray
scale level which include pixel values of the image capturing
device, calculating a pixel value for the second pixel from
the captured image at the first gray scale level, and convert-
ing the difference 1n pixel value of the image capturing
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device between the first pixel and the second pixel at the first
gray scale level to a difference 1n gray scale level to derive
compensation data of the second pixel using the diflerence
in pi1xel value of the image capturing device and the difler-
ence 1n gray scale level.

According to another aspect of the present disclosure,
there 1s provided a luminance compensation device includ-
ing a device configured to perform the method.

According to still another aspect of the present disclosure,
there 1s provided a display device configured to compensate
for a luminance deviation between pixels using an inclina-
tion and an offset of a compensation voltage derived through
the method and the device for compensating the luminance
deviation and a look-up table (LUT) with preset gray scale
level and voltage set corresponding to luminance.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present disclosure will become more apparent to those of
ordinary skill 1n the art by describing exemplary embodi-
ments thereof in detail with reference to the accompanying,
drawings, 1n which:

FIGS. 1 and 2 are views 1llustrating a luminance deviation
compensation device according to an embodiment of the
present disclosure;

FIG. 3 1s a flowchart showing a method of compensating
for a luminance deviation according to a first embodiment of
the present disclosure;

FIG. 4 1s a view 1llustrating one example i which
captured 1mages are obtained by capturing images of a
screen at a gray scale level 32 and a gray scale level 36 using
the same exposure value;

FIG. 5 1s a view 1llustrating one example of linear fitting
of a luminance and a pixel mtensity obtained from a result
of a De-gamma operation;

FIG. 6 1s a view 1llustrating one example of a difference
in camera intensity of a reference pixel between captured
images at a first gray scale level and a second gray scale
level;

FIG. 7 1s a view 1llustrating one example of a result of
camera intensity calculation of a position A with respect to
the reference pixel;

FIG. 8 1s a view illustrating one example 1in which the
difference in camera intensity 1s converted to a diflerence 1n
gray scale level at the first gray scale level at the position A;

FIG. 9 1s a schematic view showing captured images,
compensation data, and compensation voltages at sample
gray scale levels for compensating for luminance deviations
according to positions 1n a screen;

FIGS. 10A and 10B are a set of graphs showing one
example of mput voltages and output voltages at the sample
gray scale levels for each position 1n the screen;

FIG. 11 1s a graph showing one example of an input
voltage and a compensation voltage 1n an extended lumi-
nance mode;

FIGS. 12 and 13 are block diagrams 1llustrating a display
device according to an embodiment of the present disclo-
sure; and

FIG. 14 1s a flowchart showing a method of modulating
pixel data mnput to the display device illustrated in FIGS. 12
and 13.

"y

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The advantages and features of the present invention and
methods for accomplishing the same will be more clearly
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understood from embodiments described below with refer-
ence to the accompanying drawings. However, the present
invention 1s not limited to the following embodiments but
may be implemented 1n various different forms. Rather, the
present embodiments will make the disclosure of the present
invention complete and allow those skilled 1 the art to
completely comprehend the scope of the present invention.
The present invention 1s only defined within the scope of the
accompanying claims.

The shapes, sizes, ratios, angles, numbers, and the like
illustrated 1n the accompanying drawings for describing the
embodiments of the present mnvention are merely examples,
and the present invention 1s not limited thereto. Like refer-
ence numerals generally denote like elements throughout the
present specification. Further, in describing the present
invention, detailed descriptions of known related technolo-
gies may be omitted to avoid unnecessarily obscuring the
subject matter of the present mnvention.

The terms such as “comprising,” “including,” “having,”
and “consist of” used herein are generally intended to allow
other components to be added unless the terms are used with
the term “‘only.” Any references to singular may include
plural unless expressly stated otherwise.

Components are interpreted to include an ordinary error
range even if not expressly stated.

When the position relation between two components 1s
described using the terms such as “on,” “above,” “below,”
and “next,” one or more components may be positioned
between the two components unless the terms are used with
the term “immediately” or “directly.”

The terms “first,” “second,” and the like may be used to
distinguish components from each other, but the functions or
structures of the components are not limited by ordinal
numbers or component names 1n front of the components.

The following embodiments can be partially or entirely
bonded to or combined with each other and can be linked
and operated 1n technically various ways. The embodiments
can be carried out independently of or in association with
cach other.

Hereinatter, various embodiments of the present imven-
tion will be described in detail with reference to the accom-
panying drawings.

According to the present disclosure, 1n an 1nspection
process before shipping a product, an 1mage of a screen 1s
captured by an i1mage capturing device such as a camera,
luminance deviations between pixels are analyzed, compen-
sation values are derived on the basis of an analysis result
thereof, and the luminance deviations 1n the screen are
compensated for.

FIGS. 1 and 2 are views illustrating a luminance deviation
compensation device according to an embodiment of the
present disclosure. FIG. 3 1s a flowchart showing a method
of compensating for a luminance deviation according to a
first embodiment of the present disclosure.

Reterring to FIG. 1, the luminance deviation compensa-
tion device includes an 1mage capturing device 300 and a
luminance deviation compensation device 200.

The 1mage capturing device 300 1s disposed to face the
display panel 100 and captures an image of the display panel
100 for a preset exposure time. The 1mage capturing device
300 transmuits captured image data obtained by capturing the
image ol the screen to the luminance deviation compensa-
tion device 200. The image capturing device 300 may be a
camera supporting a high dynamic range (HDR) but 1s not
limited thereto.

Care should be taken that a pixel value of the image
capturing device 300 1s not pixel data written to a pixel of
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the display panel but 1s a digital value output from a pixel of
an 1mage sensor of the image capturing device 300. Here-
inafter, the pixel value of the image capturing device 300
will be referred to as a “camera intensity.”

The luminance deviation compensation device 200 gen-
crates mput 1image data of first and second gray scale levels
between which a predetermined difference in gray scale
level 1s present. Hereinalter, the first gray scale level 1s a
sample gray scale level to be compensated for, and the
second gray scale level 1s a gray scale level value having the
predetermined difference 1n gray scale level from the first
gray scale level. The second gray scale level may be an
upper or lower gray scale level having the predetermined
difference 1n gray scale level from the first gray scale level.

An mmput 1mage data at the first gray scale level and the
second gray scale level are converted to pixel voltages by a
pixel driving unit 110, and the pixel voltages are written to
pixels of the display panel 100. The image capturing device
300 captures 1images of the pixels in which first gray scale
level data 1s input and captures images of the pixels 1n which
second gray scale level data i1s input. The 1mage capturing
device 300 may capture the images of the pixels, in which
the second gray scale level data 1s mput, with an exposure
value which 1s the same as an exposure value when captur-
ing an 1mage ol a reference pixel 1 the screen 1n the state
in which the first gray scale level data 1s input to the pixels.
The exposure value of the image capturing device 300 may
be set as an exposure value when a camera intensity 1s output
with a median value or a similar value thereto when the
image capturing device 300 captures the image of the
reference pixel.

Each of the camera intensities of the pixels of the image
sensor of the image capturing device may have a value of 0
to 4095 based on 12 bits, and the median value 1s 2048. As
an exposure time 1s 1icreased, the pixel value of the image
capturing device 300 may be generated to have a higher
value. When the pixel value of the reference pixel 1s a
median value, luminance deviation values with respect to
the reference pixel for each position are not saturated in the
entire screen.

The luminance deviation compensation device 200
receives the captured image data from the image capturing
device 300 at the first and second gray scale levels of the
input 1mage data. The luminance deviation compensation
device 200 calculates a diflerence Al in camera intensity
with respect to the reference pixel using the captured image
data and derives a relationship between the difference Al 1n
camera intensity and a difference AG 1n gray scale level.

The luminance deviation compensation device 200 cal-
culates the difference Al 1n camera intensity with respect to
the reference pixel for each position in the screen using a
correlation between the difference Al in camera intensity and
the difference AG 1n gray scale level. The luminance devia-
tion compensation device 200 derives compensation data for
cach position 1n the screen by converting the difference Al
in camera intensity to the diflerence AG 1n gray scale level
for each position with respect to the reference pixel in the
screen. Due to a luminance deviation with respect to the
reference pixel for each position 1n the screen, the difference
in gray scale level written to the display panel and the
difference in gray scale level on which the luminance
deviation 1s reflected may be diflerent from each other for
cach position 1n the screen.

The luminance deviation compensation device 200 con-
verts the compensation data to a voltage value of a voltage
domain to generate a compensation voltage. Then, the
luminance deviation compensation device 200 adds an input
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image voltage at the first gray scale level and the compen-
sation voltage to generate output image data. The luminance
deviation compensation device 200 may write the output
image data to the pixels of the display panel 100, and an
cllect of the luminance deviation compensation may be
coniirmed on the basis of a difference in camera intensity of
the captured 1image data received from the image capturing
device 300 at that time.

The luminance deviation compensation device 200 gen-
erates compensation data for gray scale levels except the
sample gray scale levels 1n the interpolation method, gen-
crates compensation data for all gray scale levels, of which
luminance deviations are minimized, and stores the com-
pensation data in a memory.

An embodiment of FIGS. 2 and 3 will be described 1n
connection with FIGS. 4 to 8.

Referring to FIGS. 2 and 3, the method of compensating
for a luminance deviation according to the present disclosure
includes 1nputting first gray scale level data to the pixels
disposed 1n the display panel 100 to capture an image of the
screen, and mnputting second gray scale level data to the
pixels to capture an 1mage of the screen (51 of FIG. 3),
deriving a difference 1in pixel value of the image capturing
device between a first pixel and a second pixel in the screen
and a difference 1n gray scale level between the first and the
second gray scale levels from the captured image at the first
gray scale level and the captured image at the second gray
scale level which include pixels values of the image cap-
turing device and the captured image at the first gray scale
level and the captured 1mage at the second gray scale level
which include pixel values of the image capturing device of
the first pixel and the second pixel 1in the screen (52 of FIG.
3), calculating a pixel value for the second pixel from the
captured 1mage of the first gray scale level (S3 of FIG. 3),
and converting the difference 1n pixel value of the image
capturing device between the first pixel and the second pixel
at the first gray scale level to a difference 1n gray scale level
to derive compensation data of the second pixel using the
difference 1n pixel value of the image capturing device and
the difference 1n gray scale level (S84 of FIG. 3). In this case,
the pixel value of the image capturing device may be
interpreted as a camera intensity. Hereinafter, the first pixel
may be the reference pixel. Heremaiter, the second pixel
may be the pixel at a position A.

The luminance deviation compensation device 200
includes an input i1mage generation unit 210, an 1nput
voltage generation unit 211, a compensation data generation
umt 212, a compensation voltage generation unit 213, and an
output 1mage generation unit 214.

The mput 1image generation umt 210 generates first and
second gray scale level data of an mput image. In FIGS. 4
to 8, the first gray scale level 1s illustrated as a gray scale
level 32 (32G), and the second gray scale level 1s 1llustrated
as a gray scale level 36 (36(), but the present disclosure 1s
not limited thereto. The pixel driving unit 110 writes the first
gray scale level data to all pixels disposed in the display
panel 100, and after an 1image of the pixels to which the first
gray scale level 1s written 1s captured, the second gray scale
level data 1s mput to the pixels. With a predetermined
exposure value, the image capturing device 300 captures an
image of the pixels turned on by the first gray scale level data
and captures an 1image of the pixels turned on by the second
gray scale level data (51 of FIG. 3).

The pixel driving unit 250 may be a driver integrated
circuit (IC) connected to signal lines of the display panel or
a test j1g configured to apply signals to signal lines through
a probe. The signal lines of the display panel include data
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lines to which data voltages are applied and gate lines to
which gate signals (or scan signals) are applied.

As 1llustrated in FIG. 4, a reference pixel Ref may be set
as a central pixel of the screen. An exposure value of the
image capturing device 300 1s set as an exposure value when
an intensity of the reference pixel 1s output with a median
value 1n a range of a pixel intensity when an 1mage of the
reference pixel 1s captured in a state 1n which the first gray
scale level data 1s written to the pixels 1n the screen. With an
exposure value which 1s the same as the above-described
exposure value, the image capturing device 300 captures an
image of the pixels to which second gray scale level data 1s
written.

When a proper exposure value of the mmage capturing
device 1s set at a first gray scale level and an 1mage 1s
captured at a second gray scale level with an exposure value
which 1s the same as that described above, luminance of the
pixels may be accurately displayed with a camera intensity
according to a change 1n gray scale level value of mput data
of the pixels even though there 1s a large luminance devia-
tion 1n the entire screen. Instead of brightness of the pixel of
the display panel 100 being measured by a separate lumi-
nance meter, brightness of each of the pixels according to the
positions thereof when the first gray scale level data 1s input
to the pixels of the display panel 100 may be obtained from
pixel data of the captured image having a value of 0 to 4096
based on the camera intensity.

FIG. 4 1s a view 1illustrating one example ol captured
images obtained by capturing 1mages of the screen at a first
gray scale level 32G and a second gray scale level 36G using
the same exposure value. When a luminance of the first gray
scale level 32G 1s captured with a proper exposure value at
the reference pixel set as a central pixel of the screen, a
camera intensity of the reference pixel may be 2048. When
a luminance of the second gray scale level 36G 1s captured
using the same exposure value at the reference pixel, a
camera intensity may be 2300.

The compensation data generation unit 212 receives cap-
tured 1mage data from the 1image capturing device 300 at the
first and second gray scale levels. The compensation data
generation unit 212 calculates a difference Al 1n camera
intensity from the captured image data according to a
position with respect to the reference pixel Ref. The com-
pensation data generation unit 212 derives a relationship
between the diflerence Al 1n camera intensity and a differ-
ence AG 1n gray scale level (S2 of FIG. 3).

A gray scale level versus a luminance property of the pixel
increases along a curve of the power of 2.2 as a gray scale
level value increases. When a de-gamma operation 1is
applied to the gamma curve to convert the luminance
property versus the gray scale level to a linear property, and
a luminance 1s expressed with a camera intensity value, the
luminance 1s expressed as 1illustrated 1n FIG. 5. A relation-
ship between the diflerence Al in camera intensity and the
difference AG 1n gray scale level which are mapped at the
first and second gray scale levels 32G and 36G may be
derived from a linear line, that 1s y=ax+b, of a linear function
obtained from a result of the de-gamma operation. In the
linear line of y=ax+b in FIG. §, a 1s an inclination, and b 1s
a y-intercept.

The compensation data generation unit 212 calculates a
difference Al 1n camera 1ntensity with respect to the refer-
ence pixel Refl according to a position in the screen using
captured 1mage data captured at the first gray scale level
32G.

In an example of FIG. 4, a camera intensity of the
reference pixel Ref 1s 2048 at the first gray scale level 32G
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and 2300 at the second gray scale level 36G. In this case, a
relationship between a diflerence Al 1n camera intensity and
a diflerence AG 1n gray scale level at the reference pixel Ref
1s +252:+4.

A camera 1ntensity of the pixel at the position A spaced
apart from the reference pixel Ref 1s 1980 at the first gray

scale level 32G and 2233 at the second gray scale level 36G.
In this case, a relationship between a difference Al 1n camera
intensity and a difference AG 1n gray scale level at an A pixel
1s +255:+4.

The compensation data generation unit 212 calculates
differences Al 1n camera intensity with respect to the refer-
ence pixel Ret according to positions 1n the screen at the first
gray scale level using the captured image data captured at
the first gray scale level 32G to derive relationships between
the differences Al 1n camera intensity and the difference AG
in gray scale level of all pixels (S3 of FIG. 3).

A difference Al in camera intensity of the position A with

respect to the reference pixel Ref at the first gray scale level
32G 1s 2048-1980=68 1n an example of FIGS. 6 and 7.

Accordingly, 1n the present disclosure, the difference Al in
camera intensity at a gray scale level to be compensated for
may be calculated according to each of the positions in the
screen with respect to the reference pixel to derive compen-
sation data using the captured image without a luminance
measurement result.

The compensation data generation unit 212 generates the
compensation data which compensates all pixels for lumi-
nance deviations with respect to the reference pixel Ref by
converting the differences Al in camera intensity according
to the positions 1n the screen to the difference AG 1n gray
scale level using the captured image at the first gray scale
level (84 of FIG. 3). As illustrated 1n FIG. 8, AI=68 at the
position A may be converted to AG=+2 at the first gray scale
level 32G using the relationship between the difference Al 1n
camera intensity and the difference AG 1n gray scale level
derived in operation S2 of FIG. 3. AG=+2 1s a gray scale
level value of the compensation data applied to the pixel at
the position A. The compensation data generation unit 212
may generate a compensation table in which the compen-
sation data of the first gray scale level 1s mapped for each
position 1n the screen.

The input voltage generation unit 211 converts input
image data of the first and second gray scale levels written
to the display panel to an input voltage using a luminance-
gray scale level-voltage table preset for optical compensa-
tion. In the luminance-gray scale level-voltage table, a gray
scale level and a voltage corresponding to each luminance
value of the pixels are set.

The compensation voltage generation unit 213 converts
the compensation data to a compensation voltage using the
luminance-gray scale level-voltage table. As illustrated in
FIGS. 10A and 10B, the compensation voltage generation
umt 213 may multiply the mput voltage and an inclination
a of a linear function and add the input voltage and a
y-1ntercept b thereof using a result of fitting the input voltage
and the compensation voltage as a linear line of the linear
function (S5 of FIG. 3).

The output image generation unit 214 adds the input
voltage and the compensation voltage to calculate an output
voltage and converts the output voltage to compensation
gray scale level data for an output image for each position
in the screen using the luminance-gray scale level-voltage
table (56 of FIG. 3). The inclination a and the y-intercept b
of the compensation voltage calculated 1n operation of S5
and the luminance-gray scale level-voltage table 1s stored 1n
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a memory 215. The data stored 1n the memory 215 are used
as compensation values for compensating luminance devia-
tions 1n the display device.

FIG. 9 1s a schematic view showing captured images,
compensation data, and compensation voltages at sample 5
gray scale levels for compensating luminance deviations
according to the positions in the screen. FIGS. 10A and 10B
are a set of graphs showing one example of input voltages
and output voltages at the sample gray scale levels for each
position in the screen. In examples of FIGS. 9 and 10A and 10
10B, sample gray scale levels include 32G, 64G, 128G, and
192G. FI1G. 10A 15 a view showing one example of an input
voltage and an output voltage at a position A, and FIG. 10B
1s a view showing an input voltage and an output voltage at
a position B. The compensation voltage may be a positive or 15
negative voltage. The luminance deviation compensation
device 200 may calculate compensation data, compensation
voltages, and output image data at gray scale levels except
the sample gray scale levels 1n an interpolation method using,
the compensation data calculated from the sample gray scale 20
levels to compensate all pixels in the screen for luminance
deviations at all gray scale levels.

FIG. 11 1s a graph showing one example of an input
voltage and a compensation voltage 1n an extended lumi-
nance mode. 25

Referring to FIG. 11, the above-described embodiment
may also be applied to the extended luminance mode. In
FIG. 11, a luminance mode 1 may be a low-luminance mode,

a luminance mode 2 may be a normal mode, and a luminance
mode 3 may be a high-luminance mode. A luminance mode 30
may be selected by a user or automatically selected accord-
ing to a display brightness value (DBV). The DBV may be
determined according to an output signal of an i1lluminance
sensor connected to a host system configured to transmit an
image signal to the display device or according to a lumi- 35
nance mput value of the user.

In an example of FIG. 11, compensation data 1s calculated
on the basis of camera intensities ol captured images at
sample gray scale levels 32G and 192G having a predeter-
mined difference 1n gray scale level 1n a specific luminance 40
mode, the compensation data i1s converted to a voltage, and
the voltage 1s converted to data, which will be applied as a
compensation value of the display panel, of an output image
in the above-described method. In a linear function of
connecting the sample gray scale levels on an input voltage 45
(x) axis and an output voltage (y) axis illustrated in FIG. 11,
compensation voltages may be determined in all luminance
modes by calculating an inclination a and a y-intercept b.

FIGS. 12 and 13 are block diagrams 1llustrating a display
device according to an embodiment of the present disclo- 50
sure.

Referring to FI1G. 12, the display device includes a display
panel 100 and pixel driving umts for writing pixel data in
pixels of the display panel 100.

The display panel 100 includes a pixel array AA config- 55
ured to display an input image. The pixel array AA includes
a plurality of data lines 102, a plurality of gate lines 104
intersecting the data lines 102, and the pixels.

The pixels may be disposed as the pixel array AA 1n the
screen to have a matrix shape defined by the data lines (DLs) 60
and the gate lines (GLs). The pixels may be disposed in the
pixel array AA to have one of various shapes such as a shape
in which the pixels for emitting light having the same color
are shared, a stripe shape, and a diamond shape other than
the matrix shape. 65

The pixel array includes pixel columns and pixel lines L1
to Ln intersecting the pixel columns. The pixel columns
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include the pixels disposed 1n a Y-axis direction. The pixel
lines include the pixels disposed 1n an X-axis direction. One
vertical period 1s a time period 1n which pixel data of one
frame 1s written to all pixels of the screen. One horizontal
period 1s a scan time 1n which the pixel data to be written to
the pixels of one pixel line sharing the gate line 1s written to
the pixels of the one pixel line. The one horizontal period 1s
a time 1n which the one frame period 1s divided by m which
1s the number of the pixel lines L1 to Lm.

Each of the pixels may be divided 1nto ared (R) sub-pixel,
a green () sub-pixel, and a blue (B) sub-pixel to implement
colors. Each of the pixels may also further include a white
sub-pixel. Each of the sub-pixels includes a pixel circuit.
The pixel circuit may include a light-emitting element, a
driving element connected to the light-emitting element, a
plurality of switch elements, and capacitors. The light-
emitting element may be formed as an organic light-emitting
diode (OLED). The driving element and the switch elements
may be formed as transistors.

The light-emitting element emits light using a current
generated due to a gate-source voltage, which 1s changed
according to a data voltage of the pixel data, of the driving
clement. The OLED may include organic compound layers
formed between an anode and a cathode. The organic
compound layers may include a hole injection layer (HIL),
a hole transport layer (HTL), light-emitting layer (EML), an
clectron transport layer (ETL), an electron injection layer
(FIL), and the like but are not limited thereto.

Electric properties of the driving element should be
uniform between all pixels but may be diflerent between the
pixels due to process deviations and element property devia-
tions and may be changed as a display driving time elapses.
In order to compensate for such electric property deviations
of the driving element, the organic light-emitting display
device may include an internal compensation circuit and an
external compensation circuit. The internal compensation
circuit 1s added to the pixel circuit in each of the sub-pixels,
samples a threshold voltage and/or a mobility, which 1s
changed according to the electric properties of the driving
clement, and compensates for the change 1n real time. The
external compensation circuit transmits the threshold volt-
age and/or the mobility, of the driving element, which 1s
sensed through a sensing line connected to each of the
sub-pixels, to an external compensation unit. The external
compensation circuit modulates the pixel data of the mput
image 1n reflection with a sensing result to compensate for
the change 1n electrical property of the driving element. A
voltage, which 1s changed due to electric properties of an
external compensation driving element, 1s sensed, and an
external circuit modulates the input 1mage data on the basis
of the sensed voltage to compensate for the electric property
deviation of the driving element between the pixels.

The compensation data derived by the luminance com-
pensation device of the present disclosure 1s set to each of
the sub-pixels in order to compensate for a luminance
deviation between the pixels. The compensation data may be
stored 1n a memory of the compensation unit separately
provided 1n addition to the internal compensation circuit and
the external compensation circuit.

Touch sensors may be disposed on the display panel 100.
Touch 1mput may be sensed using separate touch sensors or
sensed through pixels. The touch sensors may be imple-
mented as on-cell-type or add-on-type sensors disposed on
the display panel or in-cell-type touch sensors embedded in
the pixel array,

The pixel driving units 120, 112, and 122 may include a
data driving unit 122 and a gate drniving unit 120. A
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demultiplexer (DEMUX)) 112 may be disposed between the
data driving unit 122 and data lines 102.

The pixel dnving units 120, 112, and 122 write the input
image data to the pixels of the display panel 100 to display
the mput 1mage on the screen under control of a timing
controller (TCON) 124. The pixel dniving umts 120, 112,

and 122 may further include a touch sensor driving unit for
driving the touch sensors. The touch sensor driving unit 1s

omitted in FIG. 1.

The data driving unit 122 may be implemented as one or
more source driver ICs. The data driving unit 122 converts

the pixel data (digital data) received from the TCON 124 to

a gamma compensation voltage to output a data voltage. The
data voltage may be directly supplied to the data lines 102

or distributed to the data lines 102 through the DEMUX 112.
The DEMUX 112 1s disposed between the data driving,
unit 122 and the data lines 102. The DEMUX 112 distributes

data voltages sequentially output through one channel of the
data driving unit 122 to the plurality of data lines 102 using
a plurality of switch elements disposed between and con-
nected to the one channel of the data driving unit 122 and the
plurality of data lines. Since the one channel of the data
driving unit 122 1s connected to the plurality of data lines
102 through the DEMUX 112, the number of channels of the
data driving unit 122 may be reduced.

Along with a thin film transistor (TFT) array of the pixel
array AA, the gate driving unit 120 may be implemented as
a gate 1n panel (GIP) circuit directly formed 1n a bezel region
in the display panel 100. The gate driving unit 120 outputs
gate signals to the gate lines 104 under control of the TCON
124. The gate driving unit 120 may shiit the gate signals to
sequentially supply the signals to the gate lines 104 using a
shift register. The gate signal may include a gate signal (or
scan signal) synchronized with the data voltage.

The TCON 124 may include a control unit configured to
generate timing control signals synchronized with the pixel
data transmitted to the data driving unit 122 to control
operation timings of the pixel driving units 120, 112, and
122 and a compensation unit configured to modulate the
pixel data using the compensation data preset by the lumi-
nance deviation compensation device.

The TCON 124 receives the pixel data of the input image
and timing signals synchronized with the pixel data from a
host system 500. The pixel data 1s digital data. The timing
signals received by the TCON 124 may include a vertical
synchronization signal (Vsync), a horizontal synchroniza-
tion signal (Hsync), a clock signal (DCLK), a data enable
signal (DE), and the like. The TCON 124 may count the data
enable signal (DE) to generate a vertical period timing and
a horizontal period timing. In this case, the vertical synchro-
nization signal (Vsync) and the horizontal synchromization
signal (Hsync) may be omitted from the timing signals
received by the TCON 124.

The TCON 124 generates data timing control signals for
controlling operation timings of the pixel driving units 122,
112, and 120 to control the pixel driving units 122, 112, and
120 on the basis of the timing signals (Vsync, Hsync, and
DE) received from the host system 500. A voltage level of
a gate timing control signal output from the TCON 124 may
be converted to a gate-on voltage and a gate-ofl voltage
through a level shifter which i1s not illustrated and may be
supplied to the gate driving unit 120. The level shifter
converts a low level voltage of the gate timing control signal
to a low gate voltage (VGL) and converts a high level
voltage of the gate timing control signal to a high gate

voltage (VGH).
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The compensation unit of the TCON 124 modulates the
pixel data of the input 1image to transmit the data to the data
driving unit 122 using compensation values read from a
memory 123 in order to compensate for luminance devia-
tions on the screen according to the above-described
embodiments. The stored compensation values are stored 1n
the memory 123. The compensation values include an
inclination a and a y-intercept b of a compensation voltage
in the method of compensating for a luminance deviation
and a look-up table (LUT) with preset gray scale level and
voltage set corresponding to luminance

The host system 500 may be any one among a television
(TV) system, a set-top box, a navigation system, a personal
computer (PC), a vehicle system, a home theater system, a
mobile device, and a wearable device.

As 1illustrated 1n FIG. 13, in the case of the mobile or
wearable device, a data driving unit 410, a control unit 420
and a compensation unit 430 of the TCON, a second
memory 440, a power circuit and a level shifter which are
omitted 1n the drawing, and the like may be integrated in one
driver 1C 400. The power circuit provides power needed to
drive pixels P of the display panel. In the display device
illustrated 1n FIG. 13, a gate driving unit 140 may be
disposed on the display panel 100.

In FIG. 13, when the power 1s input to the display device,
the second memory 440 stores compensation values for each
position recerved from the first memory 450 and supplies the
compensation values to the compensation unit 430. Com-
pensation data includes output image data derived from the
above-described luminance deviation compensation device.

The compensation unit 430 receives pixel data of an 1input
image from the host system 500. The compensation unit 430
modulates the pixel data of the mput 1mage 1n a method
illustrated in FIG. 14 and transmits the modulated pixel data
to the data driving unit 410 1n order to compensate for
luminance deviations between the pixels. Accordingly, the
pixel data input to the data driving unit 122 1s modulated into
compensation values derived on the basis of an image
captured by the 1image capturing device 300.

FIG. 14 1s a flowchart showing the method of modulating,
the pixel data.

Referring to FIG. 14, the compensation unit 430 converts
the pixel data (gray scale level data) of the input 1image to
voltage data using a look-up table (LUT) with preset gray
scale level and voltage set corresponding to luminance
(S131 and S132). The compensation unit 430 multiplies the
voltage data and an inclination of a compensation voltage
modeled as a linear function and adds the voltage data and
an offset (y-intercept) (S133). In addition, the compensation
unmt 430 converts voltages of the pixel data, to which the
inclination and offset of the compensation voltage are
applied, to pixel data (gray scale level data) to be written to
the pixels using the look-up table (LUT) (5134 and S135).
The pixel data modulated as described above 1s transmitted
to the data driving unit 122 or 410 and converted to data
voltages, and the converted data voltages are supplied to the
pixels through the data lines.

The method for compensating a luminance deviation
according to embodiments of the present disclosure are as
follows:

Embodiment 1: The method for compensating a lumi-
nance deviation includes mputting an mnput 1image having
first gray scale level data to pixels disposed 1n a screen of a
display panel to capture an image of the screen, and nput-
ting an input 1mage having second gray scale level data to
the pixels to capture an 1image of the screen (S1 1n FIG. 3);
deriving a difference 1n pixel value Al of the 1image capturing
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device between a first pixel and a second pixel 1n the screen
and a difference 1n gray scale level between the first and
second gray scale levels 32G and 36G from a captured
image at the first gray scale level 32G and a captured image
at the second gray scale level 36G which include pixel
values of the image capturing device (52 1n FIG. 3); calcu-
lating a pixel value for the second pixel from the captured
image at the first gray scale level 32G (S3 in FIG. 3); and
converting the difference 1 pixel value of the image cap-
turing device between the first pixel and the second pixel at
he first gray scale level to a difference in gray scale level to
erive compensation data of the second pixel using the
ifference 1n pixel value of the image capturing device and
ne difference 1n gray scale level (S4 1 FIG. 3).

Embodiment 2: The first pixel may be a reference pixel
positioned at a center of the screen.

Embodiment 3: An exposure value of the image capturing
device may be set as an exposure value when the pixel value
for the first pixel to which the first gray scale level data 1s
written 1s a median value 1n a range of the pixel value. The
captured 1mage at the first gray scale level and the captured
image at the second gray scale level may be obtained when
the i1mages ol the screen are captured using the same
exposure value.

Embodiment 4: The difference 1n pixel value of the image
capturing device and the difference in gray scale level
between the first and second gray scale levels may be
derived from a linear line of linear function.

Embodiment 5: The method further includes comprising,
converting the compensation data to a compensation voltage
using a look-up table (LUT) with preset gray scale level and
voltage set corresponding to luminance.

Embodiment 6: The method further includes converting
an mput image data at the first and second gray scale levels
to 1input voltages; and multiplying the input voltages and an
inclination of a linear function and adding the input voltage
and a y-ntercept using a result of fitting the mput voltages
and a compensation voltage as the linear function.

Embodiment 7: The method further includes adding the
input voltages and the compensation voltage to generate
output voltages; and converting the output voltages to com-
pensation gray scale level data using a look-up table (LUT)
with preset gray scale level and voltage set corresponding to
luminance.

A luminance deviation compensation device according to
embodiments of the present disclosure are as follows:

Embodiment 1: A luminance deviation compensation
device includes an 1mage capturing device configured to
capture an 1mage of a screen of a display panel and output
a captured image expressed with pixel values; a display
panel 1n which pixels are disposed; a pixel driving umit
configured to write an input 1mage data to the pixels; and a
luminance deviation compensation unit which generates an
input 1mage having first gray scale level data, receives a
captured 1mage at a first gray scale level from the image
capturing device, mputs an input image having second gray
scale level data, and receives a captured image at a second
gray scale level from the image capturing device.

The luminance deviation compensation unit derives a
difference 1 pixel value of the image capturing device
between a first pixel and a second pixel and a diflerence in
gray scale level between the first and second gray scale
levels from the captured image at the first gray scale level
and the captured image at the second gray scale level,
calculates a pixel value for the second pixel from the
captured 1mage at the first gray scale level, and converts the
difference 1 pixel value of the image capturing device

IH-I. rjl. rjl. H-I.
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between the first pixel and the second pixel at the first gray
scale level to a difference 1n gray scale level to derive
compensation data of the second pixel using the difference
in pi1xel value of the image capturing device and the difler-
ence 1n gray scale level.

Embodiment 2: The luminance deviation compensation
unmit may calculate the difference 1 pixel value of the image
capturing device and the diflerence 1n gray scale level
between the first and second gray scale levels from a linear
line of linear function.

Embodiment 3: The luminance deviation compensation
unit may convert the compensation data to a compensation
voltage using a look-up table (LUT) with preset gray scale
level and voltage set corresponding to luminance.

Embodiment 4: The luminance deviation compensation
unit may convert the input image data at the first and second
gray scale levels to input voltages; and multiply the mput
voltages and an inclination of a linear function and add the
input voltages and a y-intercept using a result of fitting the
input voltages and the compensation voltage as the linear
function.

Embodiment 5: The luminance deviation compensation
unit adds the input voltages and the compensation voltage to
generate output voltages; and converts the output voltages to
compensation gray scale level data using the look-up table
(LUT).

A display device according to embodiments of the present
disclosure are as follows:

Embodiment 1: A display device includes a display panel
100 including a plurality of data lines, a plurality of gate
lines intersecting the data lines, and a plurality of pixels; a
compensation unit 430 configured to modulate pixel data of
an input 1image; a data driving unit 410 configured to convert
the pixel data modulated by the compensation unit to a data
voltage to supply the converted data voltage to the data lines;
and a gate driving unit 140 sequentially supplying a gate
signal synchronized with the data voltage to the gate lines.

The compensation unit converts a gray scale level of the
pixel data of the input image to voltage data using a look-up
table (LUT) with preset gray scale level and voltage set
corresponding to luminance and converts a result of multi-
plying the voltage data and an inclination of a compensation
voltage modeled as a linear function and adding the voltage
data and an oflset of the compensation voltage to a gray
scale level using the look-up table (LUT) to modulate the
pixel data.

Embodiment 2: The display device further includes a
memory 440 in which the inclination and the offset of the
compensation voltage and the look-up table (LUT) are
stored.

According to the present disclosure, a compensation value
for compensating for a luminance difference between gray
scale levels 1s calculated using an 1mage captured by an
image capturing device without a process 1n which a scaling
gain between an intensity of the image capturing device and
luminance data 1s set and the gain 1s tuned for each model
and each gray scale level.

In the present disclosure, there are no processes 1n which
the intensity of the camera 1s converted to the luminance
data, the luminance data i1s converted to gray scale level data,
and the gray scale level data 1s converted to a voltage 1n a
nonlinear section, and thus the compensation value for
compensating for a luminance deviation of which an error 1s
minimized can be derived.

In the present disclosure, even 1n a case in which mura
levels at a low gray scale level and a high gray scale level
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are different from each other according to positions of a
screen, the luminance deviation can be compensated for.

In addition, 1n the present disclosure, since a compensa-
tion voltage 1s calculated by being modeled as a simple
linear function 1n a voltage domain, an amount of calculation
1s small.

Effects which can be achieved by the present disclosure
are not limited to the above-mentioned eflects. That 1s, other
objects that are not mentioned may be obviously understood
by those skilled 1n the art to which the present disclosure
pertains from the following description.

The present disclosure can be achieved as computer-
readable codes on a program-recoded medium. A computer-
readable medium 1ncludes all kinds of recording devices that

keep data that can be read by a computer system. For

example, the computer-readable medium may be an HDD
(Hard Disk Drive), an SSD (Solid State Disk), an SDD
(Silicon Disk Drnive), a ROM, a RAM, a CD-ROM, a
magnetic tape, a tloppy disk, and an optical data storage.
Accordingly, the detailed description should not be con-
strued as being limited 1n all respects and should be con-
strued as an example. The scope of the present disclosure
should be determined by reasonable analysis of the claims
and all changes within an equivalent range of the present
disclosure 1s included 1n the scope of the present disclosure.
Through the above-described contents, 1t may be seen that
various changes and modifications may be made in the range
without departing from the technical spirit of the present
disclosure by those skilled 1n the art. The above descriptions
are not to be construed as limiting in all aspects but should
be considered as exemplary embodiments. The scope of the
present disclosure should be determined by reasonable inter-
pretation of the appended claims, and all modifications
within an equivalent range of the present disclosure are
encompassed in the scope of the present disclosure.

What 1s claimed 1s:
1. A method for compensating a luminance deviation
using an 1mage capturing device which captures an image of
a screen of a display panel, the method comprising:
inputting a first input 1mage having first gray scale level
data to pixels disposed 1n the screen of the display panel
to capture a first 1mage of the screen, and inputting a
second input 1mage having second gray scale level data
to the pixels to capture a second 1image of the screen;

deriving a difference 1n pixel values of the 1image captur-
ing device between a first pixel and a second pixel 1n
the screen and a difference 1n gray scale level between
the first and second gray scale levels from a first
captured 1mage at the first gray scale level and a second
captured image at the second gray scale level which
include the pixel values of the image capturing device;

calculating a pixel value for the second pixel from the first
captured 1mage at the first gray scale level; and

converting the difference 1n pixel values of the image
capturing device between the first pixel and the second
pixel at the first gray scale level to a diflerence 1n gray
scale levels to dertve compensation data of the second
pixel using the difference in the pixel values of the
image capturing device and the difference 1n gray scale
levels,

wherein each of the pixel values of the image capturing

device includes a digital value output from an i1mage
sensor pixel of the image capturing device.

2. The method of claim 1, wherein the first pixel 1s a
reference pixel positioned at a center of the screen.
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3. The method of claim 1, wherein:

an exposure value of the image capturing device 1s set as
an exposure value when the pixel value for the first
pixel to which the first gray scale level data 1s written
1s a median value in a range of the pixel value; and

wherein the first captured image at the first gray scale
level and the second captured 1image at the second gray
scale level are obtained when the 1images of the screen
are captured using the same exposure value.

4. The method of claim 1, wherein the difference in pixel
values of the image capturing device and the difference in
gray scale levels between the first and second gray scale
levels are derived from a linear line of a linear function.

5. The method of claim 1, further comprising converting,
the compensation data to a compensation voltage using a
look-up table (LUT) with preset gray scale level and voltage
set corresponding to luminance.

6. The method of claim 1, further comprising;:

converting an input 1image data at the first and second gray

scale levels to mput voltages; and

multiplying the mput voltages and an inclination of a

linear function and adding the mput voltage and a
y-ntercept using a result of fitting the mput voltages
and a compensation voltage as the linear function.

7. The method of claim 6, further comprising:

adding the mput voltages and the compensation voltage to

generate output voltages; and

converting the output voltages to compensation gray scale

level data using a look-up table (LUT) with preset gray
scale level and voltage set corresponding to luminance.

8. A luminance deviation compensation device compris-
ng:

an 1mage capturing device configured to capture an 1mage

of a screen of a display panel and output a captured
image expressed with pixel values;

a display panel in which pixels are disposed;

a pixel driver configured to write an mput 1image data to

the pixels; and
a luminance deviation compensator which generates a
first mput 1image having first gray scale level data,
receives a lirst captured 1image at a first gray scale level
from the 1image capturing device, inputs a second 1nput
image having second gray scale level data, and receives
a second captured 1mage at a second gray scale level
from the 1mage capturing device,
wherein the luminance deviation compensator derives a
difference in pixel value of the image capturing device
between a first pixel and a second pixel and a difference
in gray scale level between the first and second gray
scale levels from the first captured image at the first
gray scale level and the second captured image at the
second gray scale level,
calculates a pixel value for the second pixel from the first
captured 1mage at the first gray scale level, and

converts the diflerence 1n pixel values of the image
capturing device between the first pixel and the second
pixel at the first gray scale level to a diflerence 1n gray
scale levels to derive compensation data of the second
pixel using the difference in the pixel values of the
image capturing device and the difference 1n the gray
scale levels,

wherein each of the pixel values of the image capturing

device includes a digital value output from an i1mage
sensor pixel of the image capturing device.

9. The luminance deviation compensation device of claim
8, wherein the luminance deviation compensator calculates
the difference 1n pixel values of the image capturing device
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and the difference 1n gray scale levels between the first and
second gray scale levels from a linear line of linear function.
10. The luminance deviation compensation device of
claim 8, wherein the luminance deviation compensator con-
verts the compensation data to a compensation voltage using 3
a look-up table (LUT) with preset gray scale level and
voltage set corresponding to luminance.
11. The luminance deviation compensation device of
claim 10, wherein the luminance deviation compensator:
converts the input image data at the first and second gray 10
scale levels to mput voltages; and
multiplies the mput voltages and an inclination of a linear
function and adds the mput voltages and a y-intercept
using a result of fitting the mput voltages and the
compensation voltage as the linear function. 15
12. The luminance deviation compensation device of
claim 11, wherein the luminance deviation compensator:
adds the input voltages and the compensation voltage to
generate output voltages; and

converts the output voltages to compensation gray scale 20
level data using the look-up table (LUT).
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